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The Effects of Lecture Format on Cognitive Load
Macy Rieman, Nina Buchan, Madison Roberts, Lilith Taylor, Mary Shilling,
Hannah Stokes, PhD

Abstract
This research study measured the effects of lecture
format on cognitive load. Participants were randomly
assigned to three lecture groups (picture-in-picture,
voiceover, high production value). Results indicated no
significant difference between groups in performance
on a concept test. Results indicated no significant
difference between groups in objective cognitive load
(measured using a dual-task software) and subjective
cognitive load (measured using a self-report survey). It
is possible that the study did not mimic a traditional
online class resulting in no significant results. In
addition, participants may not be motivated to engage
with the content. Future research should focus on
engagement in an actual online course and motivation.

Introduction
The use of multimedia learning techniques has grown
exponentially in the last couple of years due to the COVID-19
pandemic (Bacher-Hicks et al., 2020). Educators from
elementary to graduate school have made increasing use of
technology to continue teaching their classes. Cognitive load is
something that plays a major part in any kind of learning,
especially online learning. Cognitive load is the amount of effort
a task puts on the mental processes of a person, in this case
students (Chandler & Sweller, 1991). Unnecessary cognitive
load, such as splitting a person’s attention between two auditory
stimuli or two visual stimuli disrupts the learning process of the
individual (Chandler & Sweller, 1991). Cognitive load is
measured subjectively through self-report. It is measured
objectively through physiological measure and dual-task
programs (Chandler & Sweller, 1991). Tholos is a dual-task
software that was developed to measure cognitive load while
keeping the complexity of doing so low (Cegarra & Chevalier,
2008).
In order to test cognitive load in online learning, three versions
of the same lecture were created: (1) a high production value
which utilizes principles outlined in Mayer and Moreno (2003) to
maximize students’ cognitive load capacity, (2) a voiceover
powerpoint, and (3) a picture-in-picture lecture. We predicted the
following hypotheses:
1) The students watching the high production value lectures will
score lower on reaction time to the dual task (objective cognitive
load) followed by the voiceover and picture-in-picture
counterparts.
2) The students watching the high production value lectures will
score lower on the subjective cognitive load scale followed by
the voiceover and picture-in-picture counterparts.
3) The students watching the high production value lectures will
score higher on learning performance followed by the voiceover
and picture-in-picture counterparts.

Methods
Participants
- 76 undergraduate students from Ohio Northern University (72.37% women, 25% men, 2.6% non-binary; 90.79% White, 6.58% multiracial)
- Age range: 18-23
- Participants earned 1 credit for a psychology class
Materials
- Tholos computer software to record reaction times
- Virtual lectures (voiceover, picture-in-picture, or high production quality)
- Pre-test (MC)
- 4 post lecture multiple choice quizzes
- 1 concept quiz including multiple choice and short answer questions
- Subjective cognitive load survey (Paas, 1992)
- Demographics questionnaire
Design
A between-subjects design was run with lecture video format (voiceover, picture-in-picture, or high production quality) as the independent variable.
The dependent variable was objective cognitive load (measured using the Tholos software), subjective cognitive load (measured using the Paas, 1992
survey) and performance (measured by concept test).
Procedure
Random assignment to a lecture format condition – Read and complete consent form – Complete demographic questionnaire followed by a pre-test –
Complete Tholos training task – Watch each lecture video and complete a post lecture quiz – Complete concept quiz – Complete subjective cognitive
load survey – Debrief.

Conclusion
The current study found no significant difference between
groups in subjective or objective cognitive load. The research
also showed that there was no significant difference between
groups in performance. One explanation for the lack of findings
could be that the 4 short videos were not comparable to a typical
online class. Ricoy & Felix (2016) found that online learning
tends to be slow at the beginning of a course and improves with
time. Our short videos may not mimic the interaction a student
would have in a typical online learning environment.
Another explanation for our findings is the way we measure
cognitive load. Historically cognitive load has been measured
using subjective questions, performance on dual tasks, and
physiological responses. There is no standard measurement
(Paas et al., 2003). If there was a unified measurement it would
make the methodology more reliable.
Participants in our research were given course credit based on
participation and were not given a traditional grade on the
content. Bulic & Blazevic (2020) found participants who placed
greater personal importance on the material were more
motivated to do well in both online and traditional
environments. It’s possible our participants were unmotivated to
engage with the content.

Future Directions

Results
Performance Test:
- We ran a one-way ANOVA for the pretest, and no statistical significance was shown, F(2,74) = 1.195, p = 0.309
- We ran a one-way ANOVA for the concept test, and no statistical significance was shown, F(2,74) = 0.391, p = 0.678
- The short answer questions were analyzed by two independent raters. The interrater reliability for the raters was found to
be Kappa = 0.97 (p < 0.001), 95% CI (0.92, 1.01), this would be considered high interrater reliability.
Subjective Cognitive Load:
- We ran a one-way ANOVA that showed statistical significance for the overall model, F(2,74) = 3.347, p = 0.041. When
the post-hoc analysis was run it showed that there were no significant differences between each condition.
- Voiceover and picture-in-picture were approaching significance at, F(2,74) = 3.347, p = 0.065. (voiceover M = 4.68;
picture-in-picture M = 5.53)
Objective Cognitive Load:
- We ran a one-way ANOVA for baseline, and no statistical significant difference was shown, F(2,74) = 0.744, p = 0.479
- We ran a one-way ANOVA for average reaction time and showed no statistical significant difference, F(2,74) = 1.406, p =
0.252

Online learning is relevant due to the increase in technological
advances and a need for more flexible learning environments.
This study provides a good foundation for what future research
should focus on. It would be important to conduct a similar
study that is structured as an actual class. This would cause
students’ interaction with lectures to have an impact on them.
This will get a more accurate read on if cognitive load differs
based on the length of time lectures are, the likelihood of any
student paying attention, and other factors in a regular
classroom. Another topic of focus would be motivation. Another
aspect to investigate is how social presence is perceived by the
student based on the type of lecture. If there is a difference,
research should look into how that impacts cognitive load. All of
this knowledge could help shape the way education is
conducted.
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